We studied mammalian predator activity in relation to patches of grassland habitat in the agricultural landscape of northern Iowa to understand the potential interactions with ground-nesting birds, including waterfowl and ring-necked pheasant ( Phasianus colchicus ). We quantified presence and movement direction of striped skunk ( Mephitis mephitis ), raccoon ( Procyon lotor ), and red fox ( Vulpes vulpes ) using unbaited track stations placed along the edges of 100 -ha blocks of grassland and at other locations throughout the surrounding landscape. We used logistic regression with repeated measures and Akaike weights to develop predictive models of predator presence as a function of landscape variables including distance from a grassland block, shape of grassland edges, and presence of woodlands, farmsteads, and wetlands. Predators were detected at track stations in the landscape near ( ≤500m) grassland blocks 33 . 5%of the time, more frequently than at stations immediately adjacent to edges of blocks ( 22 . 6%), and much more frequently than at stations distant ( >500 m) from blocks ( 13 . 6%). Striped skunk presence at a station decreased as distance from grassland patches increased and was positively related to the number of farmsteads; raccoon presence was positively related to presence of woody cover; and red fox presence increased with greater area of pastureland and greater isolation from farmsteads, and decreased with increasing amoun t of strip habitat in the landscape. Predicted predator presence at locations where duck nests were found ≤500 m from blocks of grassland ( 23 . 1%) was within 1SE of the Mayfield nest mortality rate, whereas predicted presence at iso lated nest locations ( 12 . 0%) was greater than observed nest mortality. Track stations indicated that predators moved into and out of grassland patches at corners of blocks ( 80%of the time) much more frequently than when they trav eled along the straight sides of blocks ( 7%). If presence of predators is directly related to predation rate, our models predict that risk to nesting birds would be greatest in patches near large grassland blocks where corridors, corners, and smaller patches focus predator activity. We envision that wildlife biologists could use models of predator activity to predict the potential influence of landscape configuration on predation risk to nesting birds.
In many parts of the highly altered agricultural landscape of the Corn Belt of the United States, perennial habitat has been reduced to a small fraction of the original extent. For example, in northern Iowa, more than 75%of land use is row-crop agriculture and the remaining perennial grassland, woodland, and wetland habitats exist in patches varying from a few to many hundreds of hectares linked by narrow strips of habitat along roads and streams. Habitat loss can be accompanied by increased landscape fragmentation, including decrease in patch size, increased patch isolation, and increase in habitat edge (Fahrig 1997 ) . The loss and fragmentation of habitat are considered the most important underlying causes of declines in success of nesting waterfowl (Beauchamp et al. 1996 ) and other upland-nesting birds. Mediumsized carnivores are the major cause of nest losses of waterfowl (Greenwood et al. 1987 ), pheasant (Clark et al. 1999 ) , and ground-nesting passerines (Burger et al. 1994 ) in these landscapes.
Predators such as the red fox (hereafter, fox), raccoon, and striped skunk (hereafter, skunk) often are numerically abundant in these agricultural landscapes because their generalist food and habitat requirements have enabled them to adapt easily to the altered landscape composition and configuration (Andren et al. 1985 ) . However, the relationships between these predators and ground-nesting birds are influenced as much by functional use of spaces in the landscape as they are by numerical responses (McLaughlin and Roughgarden 1993 ) . The behavioral ecology of predator functional response and use of the landscape is important to determining the overall predation effects (Ims 1995 , Lima and Zollner 1996 ) . Much of the predation on nests is thought to be opportunistic (Vickery et al. 1992 , Andren 1995 , so understanding how landscape features influence predator activity has substantial practical implications for managing predators and 1 Present address: Pheasants Forever, 401East First Street, Janesville, MN 56048 , USA.
2 E-mail: wrclark@iastate.edu nesting birds. Although evidence of predator activity frequently is inferred from studies of nesting birds, few studies have directly quantified the influence of landscape composition and configuration on predator presence or directly related predator activity to nesting success. Predators are believed to move and forage in response to specific landscape features such as edges of habitat (Andren 1995 , Dijak and Thompson 2000 ) , or along internal features of patches such as streams (Heske 1995 ) and wetland edges (Phillips 2001 ) where increased diversity and availability of prey (Andren et al. 1985 ) or other characteristics that focus behavior (Sargeant 1972 , Sargeant et al. 1987 ) may exist. Previous studies have identified various landscape composition variables such as farms (Lariviere and Messier 1998 ), woodland (Pedlar et al. 1997 , Dijak and Thompson 2000 ) , grassland (Clark et al. 1999 , Greenwood et al. 1999 ), wetland (Greenwood et al. 1999 , Phillips 2001 , and pastureland (Sargeant 1972 , Sargeant et al. 1987 , Pedlar et al. 1997 , Phillips 2001 ) that may influence presence of generalist predators. However, after habitat is lost, the configuration rather than composition of the remaining patches may become more important to predator activity. Juxtaposition of patches may be important if patches are smaller than the home range of a species or animals may move more when fragmentation scatters habitat patches (Ims 1995 ). If patches are small and isolated from predator activity centers they may be visited relatively infrequently. Strip habitat such as road ditches, streams and waterways (Heske 1995 ), and fence lines (Pedlar et al. 1997 ) may act as corridors between habitat patches (Ims 1995 ). Finally, the characteristics of edges of patches, including the shape, may influence how predators use the edges of patches as travel lanes. Corridors and corners have been predicted to funnel activity into a patch (Ims 1995 ).
In this study, we assessed evidence of activity of 3 common carnivores and determined how landscape composition and configuration variables were quantitatively related to predator activity and movements. Our approach was to (a) determine the most important landscape variables influencing the level of predator activity using track stations, (b) select models for predicting predator activity given landscape variables, (c) examine the effect edge shape has on predator movements, and (d) provide evidence that the models have explanatory value in understanding duck nesting success in grasslands of northern Iowa.
STUDY AREA
We conducted our study within the Eagle Lake Wetland Complex, a project area of the North American Wetland Conservation Act, located in the Iowa Prairie Pothole Region in Hancock and Winnebago counties in northern Iowa, USA. The 127 -km 2 study area contains a complex of Wildlife Management Areas (WMA), Waterfowl Production Areas (WPA), Conservation Reserve Program (CRP) lands, and agricultural fields (row cropland, hayland, pastureland). The Iowa Department of Natural Resources (IDNR) manages nearly 700ha of upland and 800ha of wetlands in the study area including the lands owned by the U.S. Fish and Wildlife Service (USFWS). In these agricultural landscapes, perennial grasslands generally are in large squared, rectangular, or L-shaped blocks, often in multiples of 16ha (Clark et al. 1999 : 982 ) . Other grassland habitats are in much smaller patches, especially in linear configuration along roads, drainage ditches, and natural streams.
METHODS Predator Activity
We collected data from the beginning of May through mid-July during the summers of 1999 and 2000 . Presence of predator tracks identified to species was used to determine predator activity at sample units within habitats that might be used by both nesting birds and predators. We modified the track-survey technique used by Sargeant et al. ( 1993 ) and Sovada et al. ( 1995 ) so that sample units could be randomly distributed across the landscape. Sample units were allocated along the grassland-row-cropland edges of road ditches, drainage ditches, and around the edges of large blocks of grassland.
A sample unit consisted of 2 sub-units, 1 placed in the first few rows of row cropland adjacent to the grassland edge and the other placed 2 m into the grassland habitat. Each sub-unit consisted of 31 -m 2 track stations separated by 3m with subunits parallel to the grassland-row-cropland edge. The multiple track stations allowed us to sample a large tracking area without extensive disturbance to the habitat and enabled us to better assess movement direction of predators.
Each station consisted of finely raked soil with a 3 . 5 -cm white disk placed at its center. The sharp contrast between the disk and soil acted as a novel stimulus (Animal and Plant Health Inspection Service 1998 ) to attract the attention of pass -ing predators to the center of the track station where they could leave a more detectable track. The disk did not contain scent or bait that would provide a reward, which would condition predators to search the area. When soil conditions were poor, mineral oil was applied to moisten the soil to improve track registration (M. A. Sovada, Northern Prairie Wildlife Research Center, personal communication) . A numerical rating of track station condition was recorded to control and test for differences in the ability to detect and identify predator tracks (Kuehl 2001 ).
Sample units were checked after 2nights of exposure. Similar studies using baited track stations used 1 - (Heske 1995 , Marini et al. 1995 , Winter 2000 , 2 -(Dijak and Thompson 2000 ), and 7 -day (Pedlar et al. 1997 ) exposure periods. We selected 2exposure nights as a compromise between opportunity for predator response and reduction of weather disturbances.
Habitat and Landscape Variables
Land use and landscape variables were determined using low-altitude aerial photography for the study area and surrounding landscape. Geographical Information System (GIS) software was used to map and quantify landscape characteristics. Habitat was classified into 1 of 9 cover types: ( 1 ) row cropland, ( 2 ) strip grassland (terrace, fence line), ( 3 ) drainage ditch, ( 4 ) grassland block (WMA, CRP, WPA), ( 5 ) hayland and pastureland, ( 6 ) water, ( 7 ) woodland (including shelterbelts surrounding farmsteads), ( 8 ) roads, and ( 9 ) farmsteads. Classifications were verified by ground observations.
Relating Predator Activity to Landscape Variables
Sample unit locations were selected randomly from strata that reflected our primary interest in how predator activity might vary with the landscape variables, especially with the distance away from a large block of perennial grassland habitat. We defined 3 strata in the landscape with regard to their isolation from these grassland blocks: locations that were adjacent to the edge (hereafter, Edge) of a grassland block, locations that were ≤500 m from a block of grassland (hereafter, Near), and locations that were >500m from a block of grassland (hereafter, Far). We used the GIS to allocate sample units within the Edge stratum among 3types of edges around the block: straight edges along the straight sides of grassland blocks ( n = 13 ), at the convex corners ( n = 11 ), and at the concave corners ( n = 13 ) along the edges of blocks of grassland. For example, at the edge of an L-shaped block of grassland, 5 convex corner locations and 1concave corner could be sampled. We also selected sample units from all possible 9 -m sections of gravel road ditch ( n = 10 ) and drainage ditch ( n = 5 ) in the Near stratum. We selected sample units from all possible 9 -m sections of gravel road ditch ( n = 12 ) and drainage ditch ( n = 6 ) in the Far stratum.
We used the GIS to measure a priori selected landscape variables within a 500 -m radius buffer around sample units. This buffer distance was based on the home-range sizes of the predators of interest, especially fox (Sargeant et al. 1987 ), raccoon (Glueck et al. 1988 ) , and skunk (Greenwood et al. 1985 ) . The radius also is reasonable considering the home-range sizes of nesting ducks (Gilmer et al. 1975 ) and pheasants (Clark et al. 1999 ).
On Near and Far sample units, the natural logarithm of the distance (m) to grassland block (Dgrass), farmstead (Dfarm), and wooded habitat (Dwood), the area (ha) of wooded habitat (Awood), agricultural grasslands (pastureland and hayland; Apast), and managed grasslands (CRP, WMA, WPA; Agrass), the length of strip habitat (road ditches and fences combined; Lstrip), and the number of farms (Nfarm) were measured as predictor variables. When modeling predator activity in the Edge stratum, we dropped variables describing distance to grassland block and farmstead, area of grassland, and length of strip habitat. We replaced these variables with variables that reflected characteristics of the grassland blocks, including edge density of the block (Edgrass), the perimeter of wetland edge (Pwet), number of wetlands in the block (Nwet), and shape of the block (categorized as straight side, concave corner, or convex corner) of grassland edge (Shape). All distance measurements were log-transformed to better meet assumptions of normality. We converted length measurements to 100 -m units so that they were scaled to area measurements.
Statistical Analysis
We used multiple logistic regression with repeated measures on sample units to model the presence of predator activity as a function of landscape variables. To model the effect of varying distance away from grassland blocks, we combined sample units from Near and Far strata into a grouping we called Distant from grassland blocks (all units where distance to block of grassland >0 ). We modeled the predator activity data from the Edge stratum separately (distance to block of grassland = 0 ). The raw response variable (p) was the presence of at least 1predator track at a sample unit. Responses were modeled on the logit scale, Y species = log (p/ 1 -p) = f(landscape variables).
We reduced the number of candidate landscape variables using univariate tests and correlation analyses. After preliminary analyses, we selected 8 variables that differed among locations with respect to predator presence and that were not highly correlated. Absolute values of Pearson correlation coefficients ranged from 0 . 03to 0 . 64 among these 8 variables. We considered only linear models of the variables without interactions to retain simplicity and to avoid constructing more model combinations than we could resolve with the data. After exploratory analyses, ≤25 candidate model combinations of the 8variables were considered for each predator species.
These candidate models were compared using Akaike's Information Criterion values, corrected for small sample size (AI C c ; Burnham and Anderson 1998 : 51 ). Akaike's Information Criterion is designed to select the best-fit model without over fitting the data with too many parameters. Goodness-of-fit statistics and an index of overdispersion ( ĉ = χ 2 /df) were calculated from a global model (Burnham and Anderson 1998 ). Models were ranked using ∆ AI C c values. We calculated Akaike weights (Burnham and Anderson 1998 : 124 , Eq. 4 . 2 ) from the ∆ AI C c to assess the relative likelihood of each model and importance of each variable (Burnham and Anderson 1998 : 141 ). We considered that models with ∆ AI C c <2all fit the data well (between 2and 7models for individual predator species). Models within 2 ∆ AI C c were weighted and normalized so that we could calculate weighted average parameter estimates ( β -) (Burnham and Anderson 1998 : 133 , Eq. 4 . 6 ) and associated standard errors (Burnham and Anderson 1998 : 135 , Eq. 4 . 9 ) of variables remaining in the models. Each estimated parameter β i is interpreted as usual for logistic regression, i.e., a unit increase in an explanatory variable results in an e β i increase in the odds ratio.
We validated the utility of our modeling approach by using the best-fit model to predict predator activity from landscape variables within a 500 -m buffer around 20locations randomly selected from a larger data set of nest locations of radiomarked mallards ( Anas platyrhynchos ) within the study area (R. Koford and G. Dodici, Iowa Cooperative Fish and Wildlife Research Unit, unpublished data). Estimated probabilities of predator presence were compared to observed risk of nest failure. We back-transformed from the logit scale to estimate the probability of predator presence by calculating Pr(p) = 1 /( 1+e -Y species ). We converted observed daily nest survival estimates ( Ŝ d ) to 2 -day mortality estimates ( 1 -Ŝ d
2 ) and compared the latter to predator presence during intervals when the nest was active. Half of the nests in this sample were ≤500m and half were >500m away from a block of grassland. We did not compare estimated predator presence and nest failure rate for Edges of blocks of grassland because very few nests were located in this stratum. Predator movement direction was assessed from individual tracks and the predominant trail on sample units. Sample units where the direction of predator movement could not be determined were excluded from movement analyses. The proportion of predator movement perpendicular (into or out of the grassland habitat) was compared and contrasted to parallel movement on sample units. We examined sample unit type (road ditch, drainage ditch, block side, convex corner, concave corner) and location along the edge of a block of grassland (straight side or corner) to determine whether movements of predator species were affected by these features.
RESULTS
Predator activity differed significantly among Edge, Near, and Far sample unit locations ( χ 2 = 23 . 94 , df = 2 , P <0 . 001 ). Sample unit locations near grassland blocks had the highest combined predator activity, whereas units at the edges of blocks and far from blocks showed increasingly less activity (Fig. 1 ) . 
Sample Units Distant from Grassland Blocks
Of the possible 595sample unit-nights, skunk tracks were present at 45 , fox tracks were present at 32 , raccoon tracks were present at 24 , domestic dog tracks were present at 4 , and no units were visited by domestic cat. On 42occasions, visible tracks of these large predators were observed but specific identification was not reliable so we included the response only in measures of total predator activity. We did not attempt to interpret presence as a direct measure of abundance because each predator species could react differently to the sample unit.
Skunk .-Distance from a sample unit to a block of grassland and number of farmsteads within the buffered radius were the most important variables influencing skunk activity. Based on variable importance, distance to a block of grassland was 1 . 5times more important than the number of farms and 2 . 5 to 4 times more important than other variables in the global model for explaining skunk activity (Fig. 2 ) . The goodness-of-fit statistics for the skunk global model (Pearson χ 2 = 581 . 75 , df = 586 , P = 0 . 542 ) indicated a good fit to the data and no evidence of overdispersion ( ĉ = 0 . 993 ). Each of the best-fit models ( ∆ AI C c < 2 ) for skunk activity included distance to a block of grassland, whereas other variables in the best-fit models included number of farms, area of pastureland, and length of strip habitat. Akaike weights indicated twice the support for a model that included both distance to a block of grassland and number of farms compared to the model that also included length of strip habitat (Table 1 ) or the model that only included distance to a block of grassland ( w i = 0 . 179 ). Using the average parameter estimates (Table 2 ), the a Abbreviations of model parameters: Apast = area of pasture, Dfarm = distance to farm, Dgrass = distance to grassland block, Dwood = distance to woodland, Lstrip = length of strip habitat, Nfarm = number of farms.
best-fit model for skunk activity was
Raccoon. -Relative importance of landscape variables influencing raccoon activity was less distinct than for skunk, but distance to woodland and area of woody cover were more important than other variables in the global model (Fig. 2 ) . For the raccoon global model, the goodness-of-fit statistics (Pearson χ 2 = 551 . 22 , df = 586 , P = 0 . 846 ) indicated a good fit to the data and no evidence of overdispersion ( ĉ = 0 . 941 ). Variables that occurred in the best-fit models ( ∆ AI C c <2 ) for raccoon activity included number of farms, distance to woody cover, area of woodland, area of pastureland, and length of strip habitat. Although area of woodland was nearly as important as distance to woodland, Akaike weights show nearly twice the support for the model including only distance to woodland ( w i = 0 . 260 ; Table 1 ) when compared with the model that contained only the area of woodland ( w i = 0 . 149 ). Including the variable for the number of farms did not improve the model fit. Using the average parameter estimates (Table 2 ), the best-fit model for raccoon activity was Y coon = 0 . 423 -0 . 816 (Dwood).
Fox.-Area of pastureland was the single most important variable influencing fox activity, but distance to the nearest farmstead and length of strip habitat also were important for explaining activity (Fig. 2 ) . The fox global model goodnessof-fit statistics (Pearson χ 2 = 601 . 13 , df = 586 , P = 0 . 324 ) indicated a good fit to the data and no evidence of overdispersion ( ĉ = 1 . 026 ). Each of the best-fit models ( ∆ AI C c <2 ) for fox activity included the area of pastureland, while other variables in the models included number of farms, distance to farmstead, area of grassland, area of woodland, and length-of-strip habitat. Akaike weights supported the addition of the length-ofstrip variable to the model that only included area of pastureland and distance to the nearest farmstead ( Table 1 ) . Using the average parameter estimates (Table 2 ), the best-fit model for fox activity was Y fox = -
All Predators. -Distance to a block of grassland, length of strip habitat, and area of pastureland were more important than other variables in explaining the activity of all predators (Fig. 2 ) . When all predators were combined, the goodness-of-fit statistics for the global model (Pearson χ 2 = 586 . 25 , df = 586 , P = 0 . 489 ) indicated a good fit to the data and no evidence of overdispersion ( ĉ = 1 . 001 ). Each of the best-fit models ( ∆ AIC c < 2 ) for predator activity included distance to grassland block and length of strip habitat. Best-fit models also included distance to nearest farm and area of pastureland. Akaike weights indicated that the addition of the distance to farm variable to the best-fit 3 -variable model actually had reduced support ( Table 1 ) . Using the average parameter estimates (Table 2 ), the best-fit model for predator activity was Y predator = -0 . 245 -0 . 179 (Edgrass)
Model Predictions .-Models predicted an average 2 -day probability of predator presence at observed duck nest locations Near blocks of grassland that matched the observed nest mortality rate very closely (Table 3 ) . Predicted presence of predators at Far nest locations was lower, but the predicted presence was about 2times the observed nest mortality rate (Table 3 ) . Estimated probability of presence at duck nests located Near blocks of grassland of skunk ( t = 3 . 52 , df = 12 , P = a Abbreviations of model parameters: Agrass = area of grassland, Apast = area of pasture, Awood = area of woodland, Dfarm = distance to farm, Dgrass = distance to grassland block, Dwood = distance to woodland, Lstrip = length of strip habitat, Nfarm = number of farms.
0 . 004 ), of raccoon ( t = 3 . 79 , df = 11 , P = 0 . 003 ), and of all predators combined ( t = 3 . 44 , df = 9 , P = 0 . 007 ) was greater than the probability of predator presence at Far nest locations ( Table 3 ). The estimated probability of fox presence was numerically greater, but more variable, on nests Near blocks of grassland than on Far locations ( t = 1 . 45 , df = 9 , P = 0 . 18 ).
Sample Units at Edges of Grassland Blocks
Of the possible 681sample unit-nights, skunk tracks were present at 38 , fox tracks were present at 45 , raccoon tracks were present at 37 , domestic dog tracks were present at 3 , mink ( Mustela vison ) or weasel ( Mustela spp.) tracks were present at 3 , opossum ( Didelphis marsupialis ) tracks were present at 1 , and none were visited by domestic cat. On 39 occasions, visible tracks could not be identified to any 1of these species, but are included in estimates of total predator activity.
Skunk .-The most important variable influencing skunk activity was the number of wetlands in the surrounding habitat. Based on variable importance, the number of wetlands was 2to nearly 4times more important than other variables in the general model for explaining skunk activity (Fig. 3 ) . The goodness-of-fit statistics for the skunk global model (Pearson χ 2 = 673 . 39 , df = 672 , P = 0 . 478 ) indicated a good fit to the data and no evidence of overdispersion ( ĉ = 1 . 00 ). Each of the best-fit models ( ∆ AI C c <2 ) for skunk activity around block edges included the number of wetlands, and Akaike weights provided additional support that a single parameter model including the number of wetlands was the most appropriate model (Table 4 ) . Using the average parameter estimates (Table 5 ), the best-fit model for skunk activity along the edge of blocks of grassland was Y skunk = -1 . 213 +0 . 139 (Nwet).
Raccoon .-Landscape variables influencing raccoon activity were more closely related and more unpredictable than for skunk, but number of farmsteads, distance to woodland, and area of woodland had higher variable importance indices than other variables in the model (Fig. 3 ) . Variable importance suggests that number of farmsteads, distance to woodland, and area of woodland were 1 . 5 to >2 times more important than other variables in explaining raccoon activity. However, the goodness-of-fit statistics for the general raccoon model (Pearson χ 2 = 1154 . 69 , df = 672 , P <0 . 001 ) indicated a poor fit to the data with no evidence of overdispersion ( ĉ = 1 . 72 ). Due to the poor fit of the general model, a predictive model was not calculated.
Fox .-Number of farmsteads, perimeter of wetland edge and, to a lesser extent, area of pastureland were the most important variables influencing red fox activity along edges of blocks of grassland (Fig. 3 ) . Number of wetlands was slightly more important than the remaining variables. Number of farmsteads, perimeter of wetland edge, and area of pastureland were nearly 1 . 5 times more important than the number of wetlands and 2times more important than all other variables in the model. However, the goodness-of-fit statistics for the general fox model (Pearson χ 2 = 924 . 86 , df = 672 , P <0 . 001 ) indicated a poor fit to the data, with little evidence of overdispersion ( ĉ = 1 . 37 ). Due to the poor fit of the general model, a predictive model for fox activity was not calculated. All Predators .-When all predators were combined, area of pastureland and distance to woodland were the most important variables in the general model (Fig. 3 ) . The goodness-of-fit statistics for the global model (Pearson χ 2 = 701 . 77 , df = 672 , P = 0 . 207 ) indicated a good fit to the data and no evidence of overdispersion ( ĉ = 1 . 04 ). Only 2 models fit the data adequately ( ∆ AI C c <2 ), and each included distance to woodland, area of woodland, and area of pastureland variables ( Table 4 ) . The model that included edge density of grassland had nearly 1 . 5 times the support as the model without that variable. Using the average parameter estimates (Table 5 ) 
Movement Direction
Predator movement direction along the edge of the grassland patch, either perpendicular or parallel to the edge of the row-crop field, differed significantly among road ditch, drainage ditch, block straight side, convex corner, and concave corner samples ( χ 2 = 65 . 381 , df = 4 , P <0 . 001 ). Nearly half of the observed difference resulted from the increased proportion of perpendicular movements by predators into and out of grasslands at convex and concave corners (Cell χ 2 = 11 . 48 and 17 . 97 , respectively). Only 15%of predator movement direction along straight edges (road ditch, drainage ditch, block side) was perpendicular to the grassland habitat, whereas perpendicular movements accounted for more than 74% and 80% along convex and concave edges, respectively, depending on species (Table 6 ) .
DISCUSSION
Use of simple unbaited track stations was a useful sampling device to identify the local predator a Abbreviations of model parameters: Apast = area of pasture, Awood = area of woodland, Dwood = distance to woodland, Edgrass = edge density of grassland, Nwet = number of wetlands, Pwet = perimeter of wetland. community ( J. L. Drossel and C. A. Ribic, Wisconsin Cooperative Wildlife Research Unit, personal communication) and to assess predator activity near grassland habitats where birds nest (Sovada et al. 1995 ) . As expected, predator presence in these agricultural landscapes was greatest near blocks of grassland, but presence was much lower near small, isolated habitat patches distant from these large blocks. The greatest detected presence of predators was at habitats such as small patches and corridors near grassland blocks and not necessarily at the immediate edge of a block. Our results on predator presence correspond well with many studies of success of ground-nesting birds. In landscapes with large amounts of grassland habitat, effects of predators on ground-nesting birds are diluted (Greenwood et al. 1995 , Sovada et al. 2000 . Nest success generally increases with patch size (Horn 2000 , Sovada et al. 2000 ). However, when there is very little grassland and nesting habitat is in small isolated patches, success in such patches can be above average (Clark et al. 1999 ) or vary considerably among patches (Horn 2000 ).
In combination, the predator and nesting studies suggest that patches and corridors that concentrate activity around large blocks of grassland may be places in the landscape where nesting birds may be particularly exposed to predators. Considering the relative importance of time spent in foraging versus nonforaging activities (Stephens and Krebs 1986 ), spending time visiting isolated patches or searching the centers of large blocks of grassland may not be as profitable as foraging in moderately sized patches near blocks of grassland that attract nesting birds or other prey.
Our findings also are consistent with the habitat requirements of the common predators we studied. Skunks prefer to forage along agricultural field edges (Verts 1967 ) surrounding grasslands (Greenwood et al. 1999 ) and wetlands (Phillips 2001 ). When distance from these preferred foraging habitats increased, skunk activity decreased. Skunks commonly use farmsteads as den sites (Lariviere and Messier 1998 ), and so we observed a positive influence of the number of farms on skunk activity. Raccoon activity is consistently greater near woody habitat (Pedlar et al. 1997 , Dijak and Thompson 2000 ) , so for this species, the distance to woody cover is a measure of isolation from their preferred habitat. Foxes are more mobile predators with larger home ranges that prefer large blocks of perennial grassland habitat and pasturelands for foraging (Sargeant 1972 , Sargeant et al. 1987 , Phillips 2001 . Foxes also appeared to avoid farmsteads where human disturbance would be common.
Our data on predator presence are consistent with many results on success of ground-nesting birds. In landscapes with large amounts of grassland habitat, effects of predators on ground-nesting birds are diluted (Greenwood et al. 1995 , Sovada et al. 2000 . When there is very little grassland and nesting habitat is in small isolated patches, success in such patches can be above average (Clark et al. 1999 ) or vary considerably among patches (Horn 2000 ). Our models did not predict predator presence at the edges of blocks of grassland as effectively as they did in the larger landscape context. However, like predator activity, waterfowl nest success is not consistently related to distance from edges of blocks of grassland (Pasitschniak-Arts et al. 1998 ). Nonetheless, the positive influence that area of pastureland and woodland had on overall predator activity suggests that these blocks are important as focus areas of denning and foraging (Sargeant 1972 , Sargeant et al. 1987 , Pedlar et al. 1997 .
Predators used corners to enter and exit grassland habitat, supporting previous findings (Ims 1995 ) that corners may funnel activity. The increased fox activity along straight grassland edges supports the idea that these features can be used as travel lanes (Andren 1995 ). The larger size of foxes correlates with greater movement distances, and these long edges may be an impor - The close relationship between estimated predator presence and nest mortality rates supports the validity and utility of the predator model predictions. However, the importance of predator community cannot be overlooked when using these models. For example, if foxes are the primary predator affecting duck nest success, the model that explicitly addresses fox activity may be more useful than 1that addresses all predators collectively.
MANAGEMENT IMPLICATIONS
By understanding the predators' view of the landscape, wildlife biologists can incorporate a larger-scale view into management plans that might influence the success of ground-nesting birds. Our research supports the importance of core habitat for nesting and further emphasizes that corridors and moderately sized patches of habitat near large blocks are foci of predator activity. Clark et al. ( 1999 ) found that grassland patches should be >15 . 6 ha to have adequate core area to improve nesting success of pheasants in these landscapes, although larger grassland blocks are suggested for waterfowl (Reynolds 2000 , Sovada et al. 2000 . However, in the highly impacted agricultural landscapes of the Corn Belt where a dilution effect is not as likely a management option, isolated grassland patches, roadsides, conservation buffers, and the characteristics of patch shape play a role in managing landscape because of the effect on predator behavior. More-focused management of cover within patches, exclusion of predators, or even expensive eradication may still play a role, but we contend that such efforts will not be as effective in the long run as will approaches based on the large-scale landscape perspective.
We propose that wildlife biologists could utilize models like those that we constructed to link landscape features within a GIS to predator presence and then reasonably compare predicted predator presence among landscape configurations. Managers could then plan restoration efforts and choose among land-use policies that would account for the potential influence of predators on nesting birds.
